Background--Heart failure (HF) admissions in adults with congenital heart disease (CHD) are becoming more common. We compared in-hospital and readmission events among adults with and without CHD admitted for HF.
C ongenital heart disease (CHD) is the most common type of birth defect. 1 Improved surgical and pediatric CHD care has increased the number of patients surviving to adulthood, including those with complex CHD. 2, 3 It is estimated that there are >1.5 million CHD adults currently in the United States. 4, 5 Initial surgeries or interventions for CHD often are not curative, and patients frequently develop cardiac complications, including heart failure (HF). 6 HF management in the setting of CHD is challenging because of the heterogeneity of the underlying anatomy and surgical repairs, and the paucity of evidence-based management protocols. 6, 7 Prior studies have shown that there has been an increasing burden of inpatient hospitalizations, associated costs, and mortality from HF among adult CHD patients. [8] [9] [10] [11] However, studies of in-hospital clinical outcomes for adults with CHD during a HF hospitalization are lacking. Additionally, it has been shown that, after an index HF admission, 25% of patients get readmitted within 30 days for any cause; 35% get readmitted again for HF. 12 But this study did not report readmission rates in CHD patients specifically. Information about clinical outcomes during HF admission and the rate of readmission within 30 days for CHD patients might help physicians treating CHD to develop targeted strategies to improve outcomes in these patients.
To understand these clinical outcomes in CHD patients, we used the California inpatient database to identify all admissions for HF over a 7-year period. We compared the outcomes during admissions and the 30-day readmission rates for adults with and without CHD.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request. The data source for this study is the Health Care Utilization Project California State Inpatient Database. This database includes all in-hospital patients, regardless of payor, from 98.3% of all California hospitals, providing a unique view of statewide inpatient care, and includes over 3.5 million discharges per year. 13 We retrospectively examined all discharges in the California State Inpatient database between January 1, 2005, and January 1, 2012, with an International Classification of Diseases, Ninth Revision (ICD-9-CM) diagnosis code for HF (Table 1) . State Inpatient Database includes a variable listing the Agency for Healthcare Research and Quality's single-level Clinical Classification System (CCS) code for the primary diagnosis. 14 The CCS system provides a way to classify diagnoses and procedures into a limited number of categories by aggregating individual ICD-9-CM codes into broad diagnosis and procedure groups to facilitate statistical analysis and reporting. If the single-level CCS code of 108 was present, then it was considered that the primary admitting diagnosis for the patient was HF. Individual patients were the unit of analyses.
Patients were designated as having CHD if their discharge abstract included any of the ICD-9 codes for CHD ( Table 2) . They were then categorized, on the basis of their anatomic subgroups, as complex and noncomplex CHD using the definitions previously described. 9, 15, 16 Complex CHD included "any CHD with pulmonary arterial hypertension," univentricular heart defects (including hypoplastic left heart syndrome), transposition of the great arteries, tetralogy of Fallot, truncus arteriosus, and endocardial cushion defects. All other CHD defects were classified as noncomplex. Patients with both a complex and a noncomplex CHD diagnosis were assigned to the complex CHD group. For patients with codes for more than 1 CHD diagnosis, we used the hierarchical algorithm proposed by Broberg et al 17 to designate 1 condition per patient as their principal CHD diagnosis. As described by Broberg et al 17 and like Burchill et al, 9 we excluded patients with atrial septal defect since their ICD codes have lower specificity for CHD and are often used on patients who only have a patent foramen ovale.
Clinical characteristics assessed at admission included age, sex, race, and comorbidities. Medical comorbidities were 
Clinical Perspective
What Is New?
• In this statewide study of all admissions for heart failure (HF) over a 7-year period, adults with congenital heart disease (CHD)-who are otherwise younger and have fewer comorbidities than non-CHD patients-nonetheless had significantly higher adjusted risks of adverse clinical outcomes. • Adults with CHD had a 3.5% incidence of new arrhythmias during their admission for HF, representing nearly 3-fold higher adjusted odds than non-CHD patients. • Adults admitted for HF with CHD had %2-fold higher adjusted odds of longer length of stay and in-hospital mortality than those without CHD.
What Are the Clinical Implications?
• These data on adverse clinical outcomes for adults with CHD who are admitted for HF highlight the challenges faced by CHD and HF specialists. • Higher odds of incident arrhythmias and mortality during HF hospitalization among CHD patients suggests a need to develop risk prediction tools; these tools might guide clinicians caring for these patients to make appropriate management decisions. • Targeted CHD-specific prevention and treatment protocols for HF need to be developed to reduce the high burden of adverse clinical outcomes during HF admissions.
identified from the ICD-9 diagnosis codes previously used in the literature (Table 1) 18, 19 and were considered to be present only if the codes were recorded to be present on admission. A Charlson comorbidity index was calculated for each patient. 20 
Study Outcomes
The primary study outcome was any adverse event, and included any in-hospital adverse event during the index admission or readmission within 30 days. An adverse event was considered in-hospital if the relevant diagnosis was not present on admission. In-hospital events evaluated included length of stay (LOS) ≥7 days, incident arrhythmias (atrial arrhythmia or in-hospital ventricular tachycardia/sudden cardiac arrest), and all-cause in-hospital mortality. We used ICD-9 diagnosis codes to identify these events ( Table 1) . The database included a record linkage number that can be used to identify sequential visits for a patient within California, even if those visits occur at a different facility or setting (inpatient, emergency department, or ambulatory surgery) than the index admission. We used this record linkage number to determine whether a patient had an adverse event of any readmission and if the readmission was for HF or arrhythmia within 30 days after their HF hospitalization. Only the first readmission was considered. We determined the primary reason for readmission (HF versus arrhythmia), and all-cause mortality during the readmission. We assigned patients with the Agency for Healthcare Research and Quality single-level CCS codes of 108 as having a primary readmission diagnosis of HF and those with CCS codes of 106 or 107 as having a primary readmission diagnosis of arrhythmia. This study used previously collected deidentified data and was, therefore, exempted from institutional review board approval.
Statistical Analysis

Results
Study Population
From a total of 27 907 535 inpatient hospital discharges for adults in California between January 1, 2005 and January 1, 2012, we identified 203 759 patients who were admitted with the primary diagnosis of HF ( Figure 1 ). After excluding atrial septal defect, 539 of these patients had CHD. The proportion of HF hospitalizations with CHD increased from 0.23% to 0.33% over the study period (P=0.01 for trend). 
Baseline Demographics
Patients with CHD had fewer medical comorbidities upon admission than non-CHD patients, including the comorbidities of anemia, hypertension, hyperlipidemia, diabetes mellitus, coronary artery disease, lung disease, chronic renal failure, and cerebrovascular disease ( Table 3 ). Charlson Comorbidity Index was thus lower among patients with CHD than non-CHD patients. Only history of ventricular arrhythmias was more common in CHD patients than non-CHD patients.
Clinical Events
Patients with CHD had higher incidence of any adverse event than non-CHD patients (40.5% versus 29.0%, P<0.001). The rates of any in-hospital event, LOS ≥7 days, and incident arrhythmia were higher in CHD patients than non-CHD patients (Figure 2A We found no significant difference in the rates of readmission events between CHD patients and non-CHD patients ( Figure 2B ). After adjusting for covariates, CHD patients had higher odds of an adverse event than non-CHD patients (adjusted odds ratio 2.1 (95% CI: 1.7-2.5), P<0.001). Of the individual adverse events, CHD patients had higher adjusted odds of any in-hospital event, LOS ≥7 days, incident arrhythmias, in-hospital mortality, and a lower adjusted odds of 30-day readmission for HF ( Figure 3A) . Among patients admitted for HF with CHD, those with complex lesions had significantly higher odds of LOS ≥7 days than patients with noncomplex lesions but no difference in the odds of other outcomes ( Figure 3B ).
Discussion
It has been reported that adults with CHD have higher resource use during their HF hospitalizations than HF patients who do not have CHD. 9 Yet it has not been known whether the clinical outcomes for CHD patients with HF differ from the outcomes for non-CHD patients with HF. In this study of %200 000 patients admitted for HF in California during a 7year period, we found that adults with CHD had significantly more adverse in-hospital clinical events than those without CHD, including 2.5-, 2.8-, and 1.9-fold higher adjusted odds of longer LOS, incident arrhythmias, and in-hospital mortality, respectively. On the other hand, CHD patients had 40% lower adjusted odds of 30-day readmission for HF after their HF admission.
We found CHD patients to be younger than non-CHD patients during their HF admission, similar to the prior study by Burchill et al. 9 This may be because of the direct timedependent impact of the underlying structural and functional abnormalities on cardiac function, resulting in HF at a younger age. The rates of some comorbidities (ie, diabetes mellitus, coronary artery disease, lung, and renal disease) in our adult CHD HF patients was similar to what was previously reported by Burchill et al, 9 but our CHD HF patients had higher rates of hypertension (43% versus 28%). This is likely because of the differences in the ICD-9 codes used to define hypertension. Overall, in both our study and the Burchill et al study, CHD patients admitted for HF had lower comorbidity indices than non-CHD patients. 9 While the median LOS for CHD adults in our study was 4 days, it was much higher (7 and 7.2 days) in the 2 prior studies (Burchill et al and Chan et al, respectively) 9,21 that reported LOS during a HF hospitalization among CHD patients. This could be related to differences in the study population. Burchill et al included in their study any patient with a HF diagnosis, not just those for whom HF was the primary diagnosis. As a result, their study population included many patients admitted for procedures, and those patients have longer average LOS. Chan et al obtained data for adult CHD patients from pediatric hospitals. While these patients had longer median LOS among high resource use pediatric centers, the median LOS for lower resource use centers was similar to our study of nearly all hospitals statewide. Additionally, similar to Burchill et al, we also found that CHD patients had a longer LOS than non-CHD patients during their HF hospitalization. 9 This might be because of the differences in HF management between the 2 study groups. The management of HF in CHD patients is usually directed towards identifying and correcting any underlying mechanical or hemodynamic abnormalities. 22, 23 However, conventional HF medications have been less effective and may even be harmful, such as the use of beta blockers in CHD patients with prevalent pre-existing sinus node dysfunction, heart block, baffle stenosis, nondistensible atria, or restrictive ventricular physiology. 6 For some CHD patients, arrhythmias are intrinsic to the structural malformation itself, while for most others, arrhythmias represent an acquired condition related to the unique myocardial substrate created by surgical scars in conjunction with cyanosis and abnormal pressure/volume loads of long duration. 24 We observed %33% and 8% prevalence of atrial and ventricular arrhythmia, respectively, at the time of admission for HF in adults with CHD. This estimate was higher than the 25% to 32% prevalence of all arrhythmia noted in a national sample of adult CHD admissions for any cause. 25, 26 Our finding also supports the notion that arrhythmias have serious implications in CHD patients, whether it is a cause of or result from HF. 6, 27 There are little data on the incidence of new arrhythmias during admissions for HF among CHD patients. In our study, 3.5% of adult CHD patients had incident arrhythmias during their HF hospitalization, representing a 2.8-fold higher adjusted odds for this adverse outcome than for non-CHD patients.
The overall in-hospital mortality rate of 3% in our study is lower than the 6.5% noted by Burchill et al and 7.3% noted by Chan et al. 9, 21 The increased mortality noted in those studies may be related to more complicated admissions, as suggested by their longer LOS. Similar to Burchill et al, we found the inhospital mortality rates to be similar for CHD and non-CHD HF patients, but we found that the adjusted odds of inpatient mortality was nearly 2-fold higher in CHD patients. Given the limited sample size of the CHD patients in our data set and the absence of clinical details, we were not able to explore the predictors of high mortality among them. However, future studies could address the hypotheses that heterogeneity of the underlying anatomy, surgical repairs, and the physiologic severity of the CHD lesions as well as the chronic nature of cardiac remodeling may cause progressive modulation of the arrhythmia and hemodynamic substrate, leading to higher inpatient mortality. We found that only 15% of all patients with a HF admission had a 30-day readmission. This is lower than the 25% rate of 30-day readmission noted in a prior study of Medicare beneficiaries. 12 In that study, 35% of patients who were readmitted were rehospitalized with a primary diagnosis of HF, while we found these readmission rates to be 23% and 29% in our CHD and non-CHD patients, respectively. CHD patients in our study also had 40% lower adjusted odds of 30day readmission for HF after their HF admission than non-CHD patients. As mentioned earlier, the management of HF during admission is usually targeted toward correcting the underlying structural or hemodynamic abnormalities. This might reduce the risk for recurrent HF hospitalization, at least in the short term. This could explain why we observed significantly lower 30-day readmission for HF in CHD patients despite no difference in the odds of 30-day readmission between the CHD and non-CHD groups. In general, readmission is known to be a major healthcare burden for CHD patients after a hospitalization, and the type of CHD lesion is shown to be the primary risk factor for the readmission. 28, 29 Because of the small sample size of CHD patients who had a readmission after their HF admission, we were unable to explore potential differences in readmission events specific to each lesion.
Our findings highlight that during admission for HF, CHD patients-who are younger with fewer comorbidities than non-CHD patients admitted with HF-nonetheless had significantly higher adjusted risks of adverse clinical outcomes than non-CHD patients. Further studies to identify predictors of incident arrhythmias and in-hospital mortality during HF admission in CHD patients, such as those specific to CHD lesions, may assist in the development of lesionspecific risk prediction models and targeted prevention and treatment protocols.
Limitations
This study has several limitations, primarily intrinsic to the use of the hospital discharge abstract database. 30 First, ICD-9 codes have imperfect sensitivity and specificity, and CHD may have been incorrectly coded. Because of this, we excluded patients with atrial septal defect, since it is known that coding for atrial septal defect versus patent foramen ovale is frequently incorrect. 17 Second, clinical detail is often missing from discharge abstracts; thus inherent patient differences, variations in clinical presentation, information regarding medication use, and similar characteristics during the hospitalization could not be studied. Finally, the inpatient nature of this database did not allow us to capture out-of-hospital events or mortality, or intensity and quality of care before and after hospitalization with HF. Similarly, only patients who were readmitted to a California hospital were captured; therefore, we had no information about deaths among patients who were admitted or died out of state.
Conclusions
In this study of nearly all patients with HF hospitalizations in California hospitals during a 7-year period, CHD patients admitted for HF are younger and have fewer comorbidities than patients without CHD. Despite this, patients with CHD have higher adjusted odds of longer LOS, incident arrhythmias, and in-hospital mortality than non-CHD patients. The higher risks for adverse clinical outcomes during their admissions for HF among CHD patients suggest a need for CHD-specific risk prediction tools and HF treatment recommendations to improve outcomes in these patients.
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